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Medullary collecting duct function in the remnant kidney before
and after volume expansion. The role of the medullary collecting
ducts (CD) in the regulation of water and electrolyte excretion by
the remnant kidney has not been determined. Medullary CD
function was therefore studied by the microcatheterization tech-
nique during hydropenia and after volume expansion with an iso-
tonic saline load in rats with sham-operated normal kidney (stage
I), remnant kidney (stage II), remnant kidney after contralateral
nephrectomy (stage III), and sham-operated normal kidney after
contralateral nephrectomy (stage-Ill control). Sodium, potas-
sium, water, and solute reabsorption along the medullary CD
were not altered in stage II during hydropenia when compared to
normal control (stage I), but water reabsorption proximal to the
medullary CD was decreased. In stage III, where the uremia was
mild (BUN, 41 mg/dl), the fractions of the filtered load of sodium
(72%) and water (62%) which were reabsorbed along the medul-
lary CD were reduced in comparison to stage 11(94% and 83%,
respectively), stage I, or stage-Ill control. The fraction of filtered
potassium entering the medullary CD was increased to 53% in
stage III, compared to 16% in stage II, and 10 or 11% in stage I or
stage-Ill control. No change in the fraction of filtered potassium
remaining along the collecting ducts was observed. After volume
expansion, there was no significant change in the fraction of fil-
tered sodium and water remaining along the medullary CD in
stage I, II, or III. The greater fractional excretion in stage III
resulted from decreased reabsorption in more proximal nephron
segments. The results indicate that (a) during hydropenia, frac-
tional reabsorption of sodium and water is decreased along the
medullary CD of the stage-Ill remnant kidney in the presence of
mild uremia, (b) the increased fractional excretion of potassium
in the remnant kidney with uremia is not determined by altered
potassium handling in the medullary CD but occurs proximal to
this nephron segment, and (c) extracellular fluid volume expan-
sion with isotonic saline results in similar inhibition of fractional
sodium and water reabsorption in the collecting ducts of both
remnant and normal kidneys.
Fonction dii canal collecteur médullaire du rein réduit avant et
après expansion extra-cellulaire. Le rOle des canaux collecteurs
(CD) médullaires dans Ia regulation de l'excrétion de l'eau et des
electrolytes par le rein reduit n'a pas encore ete pr&ise. La
fonction des CD medullaires a donc ete etudiee par micro-
cathetensation au cours de l'antidiurèse et apres expansion au
moyen de solute sale isotonique chez des rats dans les situations
suivantes: rein intact ayant subi un simulacre de reduction (stade
I), rein réduit (stade II), rein réduit et néphrectomie con-
trolatérale (stade III), rein ayant subi un simulacre de reduction
et nephrectomie controlatérale (témoin pour le stade III). La
reabsorption d'eau, de sodium, de potassium, et d'autres sub-
stances dissoutes n'est pas modifiée, au cours de l'antidiurèse, le
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long du CD médullaire des reins réduits de stade II par rapport
aux contrOles normaux du stade I. Cependant la reabsorption
d'eau en amont du CD médullaire est diminuee. Au stade III, oO
l'urémie est moyenne (azote uréique, 41 mg/dl), les fractions des
charges filtrées de sodium (72%) et d'eau (62%) qui sont réab-
sorbées le long du CD médullaire sont diminuées par rapport au
stade 11(94% et 83%, respectivement), ou par rapport aux stades
I ou III-contrOle. La fraction du potassium filtré qui entre dans le
CD medullaire est augmentee a 53% dans le stade III alors
qu'elle représente 16% au stade II, 10 et 11% aux stades let III-
contrOle. Ii n'a pas été observe de modification de Ia fraction de
potassium filtré encore présente dans les canaux collecteurs.
Après l'expansion ii n'y a pas de modification significative de Ia
fraction du sodium et de l'eau filtrés présente le long des CD
médullaires dans les stades I, II, et III. L'augmentation de
l'excrdtion fractionnelle au stade III résulte d'une diminution de
Ia reabsorption dans les segments plus proximaux du néphron.
Les résultats indiquent que: (a) au cours de l'antidiurèse Ia réab-
sorption fractionnelle du sodium et de I'eau est diininuée le long
du CD médullaire du rein réduit au stade III en presence d'une
urémie moyenne, (b) l'augmentation de l'excrétion fractionnelle
de potassium par le rein réduit au cours de l'urémie n'est pas liée
a une modification du comportement du CD médullaire vis a vis
du potassium mais survient en amont de ce segment, et (c)
l'expansion determine une inhibition des reabsorptions fraction-
nelles de sodium et d'eau comparables dans les CD des reins
reduits et des reins normaux.
The role of changes in medullary collecting duct
(CD) function in the altered renal handling of water
and electrolytes which occurs with reduced neph-
ron mass has not been studied directly. With the
microcatheterization technique, the importance of
the collecting duct in the renal response to volume
expansion [1, 2] and in the phenomenon of post-
obstructive diuresis [3] has been shown. Micro-
puncture studies of surface nephron function sug-
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gest that the distal nephron or collecting duct is re-
sponsible for changes in sodium [4, 5] and
potassium [6] excretion in the remnant kidney.
Since renal handling of water and electrolytes by
the remnant kidney is altered markedly by the pres-
ence or absence of uremia, we carried out collecting
duct microcatheterization studies in the presence
(stage II) or absence (stage III) of the contralateral
normal kidney. Previous studies have examined the
effect of volume expansion [7] or altered sodium
balance [5] on proximal and distal tubule function in
the remnant kidney, but the response of the medul-
lary collecting duct has not been determined. For
this reason, we performed microcatheterization ex-
periments after volume expansion with isotonic sa-
line in the same animals.
The results indicate little change in medullary col-
lecting duct function in the kidney with 30% func-
tioning nephron mass (stage II) when compared to
sham-operated controls (stage I). On the other
hand, in the presence of mild uremia after con-
tralateral nephrectomy (stage III), there was a sig-
nificant decrease in fractional reabsorption of so-
dium and water in the medullary collecting duct
during hydropenia. Increased fractional excretion
of potassium in the stage-Ill remnant kidney with
uremia resulted from increased fractional delivery
of filtered potassium to the collecting ducts, where-
as no change in potassium handling by the ducts
was detected. After volume expansion, fractional
reabsorption of sodium and water in the collecting
ducts was inhibited similarly in both remnant stage-
II and stage-Ill kidneys and in normal kidneys.
Methods
Four groups of male Sprague-Dawley rats (weight
range, 239 to 360 g) were prepared as follows for
collecting duct microcatheterization experiments.
Stage-I animals (N = 5), which acted as controls for
stage II, and stage-Il animals (N = 5) were sub-
jected to sham ligation (stage I) or ligation of the
majority of the branches of the left renal artery
(stage II). The animals were anesthetized with pen-
tobarbital (Nembutal). Their abdomens were
opened, their left renal arteries were dissected free,
with most branches ligated or sham ligated, and
their abdomens were closed. Stage-Ill (N = 5) and
stage-Ill control (N = 5) groups also were subjected
to partial renal artery ligation or sham-operation,
respectively, as above, and several days later they
underwent contralateral right nephrectomy. A peri-
od of 6 to 13 days elapsed between the time of sur-
gery and the collecting duct experiment, with an av-
erage of 8 to 9 days in stage I and II and 11 to 12
days in stage III and stage-Ill controls. Animals re-
ceived and consumed the same amount of food (Pu-
rina lab chow), and weight gain prior to the experi-
ment was similar in the four groups. Food was with-
drawn the evening before the experiment.
Collecting duct microcatheterization experiments
were carried out as previously described [1—3, 8].
Rats were anesthetized with Inactin (10 mg/l00 g
body wt, i.p.) and were kept at a temperature of 37
to 38° C on a heated operating table. Tracheostomy
was performed, and a jugular vein and femoral ar-
tery were cannulated for infusion and for blood
pressure measurement and sampling, respectively.
After a priming dose of 1.5 ml of Ringer's solution,
a constant i.v. infusion of 1.5 mllhour was main-
tained. The left kidney was prepared for micro-
catheterization and urine collection as previously
described. 3H-inulin was then added to the constant
infusion to deliver 150 Ci over the course of the
experiment. A 40-mm equilibration period was al-
lowed before beginning the collection of urine and
samples of collecting duct fluid. In each animal,
samples of collecting duct fluid were obtained by
microcatheterization [1-3, 8] during a 2-hour con-
trol period. Urine was collected over 20-mm inter-
vals, and samples of arterial blood (50 to 100 pi)
were taken at the midpoint of each urine collection.
At the end of this control period, animals were giv-
en 0.9% sodium chloride solution in a volume of 12
ml over 15 mm, and this infusion was continued at a
rate of 12 mI/hour, thus giving 6 to 9% of body
weight in the first hour. After 1 hour, another series
of samples was then obtained by microcatheter-
ization over 1 to 1.5 hours during continued saline
infusion as 12 mllhour.
The technique of sampling of collecting duct fluid
was as described previously [1, 2]. Briefly, fine
polyethylene catheters (O.D., 16 to 40 m) were in-
serted to varying distances into different collecting
ducts via the previously exposed papilla tip. When-
ever possible, paired samples in the same collecting
duct system from near the papillar tip and deep in
the medulla were obtained consecutively and in ran-
dom order. In each animal, four to nine samples of
fluid were obtained during hydropenia and again af-
ter saline loading, with controlled suction just suf-
ficient to overcome the tip resistance of the catheter
[1]. The depth of insertion of the catheter was mea-
sured during withdrawal with a micrometer and was
related to medullary length obtained from a post-
mortem saggital section of the kidney.
Sodium and potassium concentrations in plasma
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Table 1. Average arterial blood pressure (BP), hematocrit (Hct), plasma sodium (Pa), potassium (PK), and blood urea nitrogen (BUN)
levels during hydropenia (H) and after volume expansion with isotonic saline (S)a
H
BP
mm Hg
S
Hct
%
H
PNa PK
mEqiliter mEqiliter
BUN
mg/lOU ml
S H S H S H S
122 116 45
Stage I: Sham-operated controls (N =5)
39c 142 142 4.9 3.8 16.5 130k
1
135 135 43
Stage II: Remnant kidney (N 5)
36' 144 143 4.6 38b 18.2 13.6"
2
l57 152"
State III:
44
Remnant kidney and contralateral nephrectomy (N = 5)
36C 140 143 45 41b.d 40.7e 343c.e
2
132 130
Sta
43 3
ge-Ill control: Contralateral nephrectomy (N = 5)
9" 140 142 4.5 3.8" 22.7 17.2'
2
a All values are the means SEM.
"P < 0.05, statistically significant between H and S within each group.
P < 0.01, statistically significant between H and S within each group.
P < 0.05, statistically significant between stage III and stage Ill-control.
P < 0.01, statistically significant between stage III and stage 111-control.
and urine were determined by flame photometry,
and 3H-inulin concentration was determined by liq-
uid scintillation counting in a toluene-based scintil-
lant. Urinary excretions of sodium (UNaV) and po-
tassium (UKV) were calculated for control and ex-
perimental periods, as was GFR. Sodium and
potassium concentrations in portions (10 nl) of
tubular fluid were measured by helium glow photom-
etry (American Instrument Co., Travenol Labora-
tories Inc., Silver Spring, Maryland), and 3H-inulin
(30 nl) was measured by liquid scintillation count-
ing. A nanoliter osmometer (Clifton Technical
Physics, Hartford, New York) was used to measure
total solute concentration in tubular fluid and urine
samples. For each tubular fluid sample, the fluid-to-
plasma concentration ratio of inulin (TFIP1) was
calculated, as were fractions of filtered sodium (TF/
PNa/TF/PIn) and potassium (TF/PKTF/PIfl) remaining
at the collection site.
The collecting duct data was analyzed in two
ways. For random samples obtained at specified
sites along the length of the duct, linear regression
analysis was used to determine regression lines and
correlation coefficients. The slope and Y intercept
of significant regression lines were compared by
analysis of covariance (F test) [9]. If significant cor-
relation was absent, the intratubular average (±
sEM) was calculated, and the beginning and end
duct values were assumed to be the same. Since the
distribution of samples along the length of the duct
was similar in each group (average, 50 to 60%
length), the intratubular averages were compared
by Student's t test. Intratubular averages were not
compared with data from regression lines. For
paired samples at the beginning and end of the col-
lecting duct, Student's t test was used for statistical
evaluation.
Results
Plasma electrolytes and kidney function. There
were no differences in the concentration of plasma
sodium before or after saline infusion in the four ex-
perimental groups (Table 1). Serum potassium was
also similar during the hydropenic control period
and decreased after saline infusion but remained
slightly higher in stage-Ill animals. Hematocrit was
similar in all groups and fell after volume expan-
sion, whereas the BUN concentration was elevated
before and after saline infusion in stage-Ill animals.
In animals subjected to partial nephrectomy, the
GFR of the experimental remnant kidney (stage II)
was 27% of the contralateral normal kidney and
39% of sham-operated controls subjected to the
same experimental preparation for collecting duct
microcatheterization (stage I, Table 2). Fractional
reabsorption of water (U/P inulin) was significantly
decreased (P < 0.05), and fractional excretion of so-
dium (FENa) was increased from the remnant kid-
ney, but the latter difference was not significant
when compared to the experimental kidney of
stage-I animals. After volume expansion there was
the expected marked increase in urine flow rate, so-
dium and potassium excretion, and decrease in
urine concentration (Uosm and U/P inulin), but the
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Table 2. Average urinary excretion of fluid, sodium, potassium, and GFR in the stage-I! remnant kidney (E) and in stage-i sham controls
(C)°
Cu
,nl/min/JOUgBW
C E
V
pJ/min/JOO
gBW
C E
U/P
C
UNaV
inulin p.Eq/min/IOO FENO
gBW
E C E C E
UKV
1jEq/min/100
gBW
FEK
%
Uom
mOsm/kg
C E C E C E
Stage I during hydropenia (N 5)
0.62 0.46 1.10 1.37 573 348 24 79 0.03 0.13 414 224 15.2 10.4 2497 1697
±0.05 ±0.03 ±0.10 ±0.13 ±36 ±32 ±5 ±38 ±0.01 ±0.06
Stage I after volume expansion
±96 ±57 ±2.9 ±1.2 ±162 ±222
0.53 0.51 153° 20.9e 36° 25e 2420° 2876° 3.2° 4.1° 518 585° 264d 30.3e 591° 4770
±0.02 ±0.03 ±2.2 ±2.1 ±5 ±3 ±372 ±378 ±0.3 ±0.1
Stage 11 during hydropenia (N = 5)
±70 ±37 ±3.5 ±1.8 ±77 ±63
0.67 0.18° 1.46 1.07 463 206k 75 83 0.05 0.30 305 109 10.6 12.5 2201 1164
±0.07 ±0.03 ±0.16 ±0.22 ±14 ±52 ±36 ±41 ±0.02 ±0.12
Stage!! after volume expansion
±36 ±37 ±1.1 ±3.3 ±145 ±268
0.74" 0.22° 10•9d 11.7°° 95 18.8° 2195d 1516h, 1.99e 5.0° 757" 385'° 28.9" 49.2° 1060° 506e
±0.05 ±0.02 ±3.4 ±0.9 ±30 ±2.8 ±628 ±174 ±0.44 ±0.1 ±139 ±55 ±6.1 ±7.2 ±213 ±57
a All values are the means ± 5EM. Abbreviations used are: C10, inulin clearance; V, urine flow; U/P inulin, urine to plasma inulin
concentration ratio; UNaV and UKV, urine sodium and potassium excretion rates, FENa and FEK, fractional excretion of sodium and
potassium; U0,,,, urine osmolality; 11W, body weight.
P < 0.05, statistically different from stage I.
P < 0.01 or less, statistically different from stage I.
d p < 0.05, statistically different from hydropenia.
P < 0.01 or less, statistically different from hydropenia.
responses were not different in remnant compared
to normal kidneys. The increase in fractional so-
dium excretion of stage-TI kidneys (0.30 to 5.0%)
was not significantly greater than that observed in
stage 1(0.13 to 4.1%).
GFR in the solitary remnant kidney (stage III)
was approximately 50% of a normal kidney or 25%
of normal total renal function (Table 3). GFR, how-
ever, was increased by 90% compared to stage II
remnant kidney, presumably due to functional hy-
pertrophy of the remaining nephrons. The urine
flow rate and fractional excretion of sodium and po-
tassium were significantly higher from the stage-Ill
kidney, whereas water reabsorption (U/P inulin)
was decreased compared to stage-Ill control or
stage-Il remnant. After volume expansion, the only
significant differences between stage III and stage-
II control were the markedly higher fractional ex-
cretion of potassium from the remnant kidney and
the persistent decrease in GFR. Fractional excre-
tion of sodium from hydropenia to saline infusion
increased to a greater degree in the stage-Ill rem-
Table 3. Average urinary excretion of fluid, sodium, potassium, and glomerular filtration rate in the remnant kidney, stage II! and in
stage III controls with uninephrectomya
C1,,
p.l/min/100 g BW
V
,xl/min/100 g BW
UN0V FEN0
U/Pinulin pEq/min/100 g BW %
U5V
p.Eq/min/JOO g BW
FEK
%
Uosm
mOsm/kg
Stage III during hydropenia(N =5)
0.32° 683" 51.2° 390 088" 688 48.3° 799
±0.02 ±0.93 ±8.5 ±79 ±0.19
Stage III after volume expansion
±41 ±4.7 ±97
0.32° 29.3' I2.0 3933 9.1° 1070° 83.Oe.e 398"
±0.02 ±3.8 ±2.2 ±534 ±1.9
Stage-Ill control during hydropenia (N =5)
±46 ±5.9 ±67
0.60 4.19 168 18! 0.23 487 17.1 1068
±0.06 ±0.52 ±19 ±88 ±0.10
Stage-ill control after volume expansion
±133 ±4.0 ±108
0.68 38.1° 19.5° 5274° 5.5° 1101° 43.0° 439°
±0.03 ±6.2 ±3.3 ±944 ±1.1 ±153 ±5.8 ±35
a All values are the means ± SEM. Abbreviations are defined in Table 2.
P < 0.05, statistically different from stage-Ill control.
° P < 0.01 or less, statistically different from stage-Ill control.
d P < 0.05, statistically different from hydropenia.
°P < 0.01 or less, statistically different from hydropenia.
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nant kidney (0.88 to 9.1%) than it did in the normal
kidney (0.23 to 5.5%), but this difference in the nat-
riuretic response was not statistically significant.
Elevated blood pressure in stage III (Table 1) may
have contributed to this difference.
Collecting duct function in the remnant kidney
during hydropenia. The changes in water reabsorp-
tion (TF/P inulin), in fraction of sodium remaining
(TF/PNa/TF/PIn), in fraction of potassium remaining
.
.I'—
•..•S •...s •
. .
S•.
Fig. 1. Change in collecting duct fluid with medullary length in stage-I sham-operated normal rats, showing tubular fluid to plasma inulin
concentration ratio (TFIP,), fraction of filtered sodium remaining (TF/P5/TF/P1n), fraction of filtered potassium remaining (TF/PdTF/
P1.), and osmolality of tubular fluid (TFO,,.). Average urinary values from experimental kidneys of individual animals are given (open
circles), regression lines are indicated, with r values and significance shown in Table 4. Absence of a regression line indicates no
significant change along the duct. The left hand group of panels shows the results of samples obtained during hydropenia (N = 34), and
the right hand group of panels shows the results after saline infusion (N = 37).
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(TF/PK/TF/PIfl), and in tubular fluid osmolality
(TFosm) along the length of the medullary collecting
duct and in the final urine for the four experimental
groups, during hydropenia and after volume expan-
sion, are shown in Figs. 1 through 4. The number of
collecting duct samples before and after the saline
load, r values, and significance of the regression
lines for the data in Figs. 1 through 4 are shown in
Table 4. The fractions of filtered fluid, sodium, and
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Table 4. Significance (r values) for regression lines of collecting duct data (Figs. ito 4) during hydropenia (H) and after volume expansion
with isotonic saline (S)°'
Sta
H
ge I
S H
Stage II
S
Stage III Stage-IlI control
H S I-I S
N 34 37 30 36 36 36 37 41
TF/P1 0.7i2d 0.124 0.737d 0.311 0.6l2 0.340c 0707d 0.232
TF/PNa/TFIPIn 0709d 0.110 0.702" 0.187 0.504" 0.137 0736" 0.234
TF/PK/TF/P,fl 0.129 0.272 0.251 0.346r 0.042 0.063 0.234 0.106
TF0sm 0.593' 0.379c 0.686' 0.251 0614d 0.578d 0673d 0.355'
a Equations for the 32 regression lines are available from the author.
Abbreviations used are: TF/P, tubular fluid to plasma inulin concentration ratio; TF/PNa/TF/PLfl >< 100, fraction of filtered sodium
remaining; TF/PK/TF/P,fl x 100, fraction of filtered potassium remaining; TF0,m, tubular fluid osmolality.
P < 0.05 or P < 0.01 or less, respectively, significance of correlation coefficient (r value) with percent length along medullary
collecting duct.
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Fig. 2. Change in collecting duct fluid with medullary length in stage-Il remnant kidneys during hydropenia (left panels, N = 30) and
after saline infusion (right panels, N = 36). Symbols and explanations are given in Fig. 1; r values are given in Table 4.
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potassium at the beginning and end of the medullary
collecting duct before and after saline infusion were
calculated from the zero intercepts and slopes of the
regression lines. If significant correlation was ab-
sent, the intratubular average was used, and the be-
ginning and end duct values were assumed to be the
same (see Methods). These results are shown in
Table 5.
During hydropenia, with 30 to 37 samples for
each experimental group, there were no differences
in water, solute, and electrolyte reabsorption along
the medullary collecting duct of the stage-Il rem-
nant kidney compared to stage-I controls (Figs. 1
and 2). The fraction of filtered fluid, but not sodium,
entering the medullary CD was higher in remnant
kidneys that it was in normal kidneys, 3.4% (stage
II vs. 2.1% (stage I), P < 0.01 (Table 5).
Fractional reabsorption along the collecting duct
was also expressed as a percentage of the tubular
load entering this nephron segment, using the zero
intercepts and the slopes of the regression lines.
During hydropenia, there was no difference be-
tween stage I and II in the fractional reabsorption
along the duct of fluid (79.7 vs. 82.7%) or sodium
(94.7 vs. 93.7%), expressed as a fraction (%) of the
entering load (Table 6). This is indicated by the sim-
ilar slope of the regression lines (Figs. 1 and 2).
In stage-Ill kidneys during hydropenia, the frac-
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Fig. 3. Change in collecting duct fluid with medullary length in stage-Ill remnant kidneys (after contralateral nephrectomy) during
hydropenia (left panels, N = 36) and after saline infusion (right panels, N = 36). Symbols and explanations are given in Fig. 1; r values
are given in Table 4.
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Fig. 4. Change in collecting duct fluid with ,nedullarv length in stage-Ill control kidneys (after contralateral nephrectomy) during
hydropenia (left panels, N = 37) and after saline infusion (right panels, N = 4/). Symbols and explanations are given in Fig. I; r values
are given in Table 4.
tion of filtered water entering the medullary collect-
ing duct was increased, 4.9 vs. 3.0% in solitary nor-
mal stage-Ill controls, 2.1% in stage I, or 3.4% in
stage II, P < 0.01 (Table 5). The collecting duct
reabsorption of fluid, as a fraction of the entering
load, was reduced compared to stage-Ill controls
(62.4 vs. 8.6%, P <0.01, Table 6) as well as in com-
parison with stage I or II. A similar decrease in col-
lecting duct reabsorption of sodium as a percent of
the entering load during hydropenia was noted (72.3
vs. 93.6%, P <0.01, Table 6), although the fraction
of filtered load entering the duct was not increased
(Table 5). These differences in sodium and water
reabsorption along the collecting duct of the stage-
III remnant kidney during hydropenia are indicated
by the differences of the slopes of the regression
lines for TF/PNa/In and TF/PI in Figs. 3 and 4.
The fraction of filtered potassium entering the
medullary collecting duct was markedly increased
in stage-Ill kidneys (52.5 vs. 10.5% in stage-Ill con-
trols, 9.8% in stage I, and 15.5% in stage II, P <
0.01, Table 5 and Figs. 3 and 4). There was no de-
tectable change in the fraction of filtered potassium
remaining along the duct in any of the four groups.
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Table 5. Fraction (%) of filtered load remaining at the beginning (B) and end (E) of the medullary collecting duct during hydropenia and
after volume expansion with isotonic salinea
Hydropenia Volume expansion
B
—
E B E
Fluid, % remaining
Stage I 2.1 0.1C 0.43 0.00 5.1 0.1 5.1 0.1
Stage II 3.4 0.1 0.58 0.00 5.0 0.1 5.0 0.1
Stage III 4.9 0.2e 1.86 0.03 9.8 0.9 6.7 0.4
Stage-Illcontrol 3.0 0.1 0.56 0.00 5.1 0.1 5.1 0.1
Sodium, % remaining
Stage 1 2.6 0.2 0.14 0.01 5.1 0.4 5.1 0.4
Stage II 2.5 0.5 0.16 0.01 5.0 0.3 5.0 0.3
Stage III 2.2 01b 0.61 002d 7.1 0.4e 7.1 0.4
Stage-Ill control 3.5 0.2 0.22 0.01 4.7 0.3 4.7 0.3
Potassium, % remaining
Stage I 9.8 0.9 9.8 0.9 30.6 1.9 30.6 1.9
Stage II 15.5 2.0 15.5 2.0 33.4 0.6 42.0 0.8
Stage III 52.5 3.6e 52.5 3.6e 69.6 2.0 69.6 2.0k
Stage-Ill control 10.5 1.1 10.5 1.1 37.3 1.5 37.3 1.5
a All results were calculated from zero intercepts of regression lines or from intratubular averages if significant correlation was absent
(beginning and end values were then the same). Results are shown as the means SEM.
p < 0.05, values of parameter lower than other groups.
P < 0.01, values of parameter lower than other groups.
d P < 0.05, values of parameter higher than other groups.
P < 0.01, values of parameter higher than other groups.
Table 6. Collecting duct reabsorption of fluid and sodium as a
fraction (%) of load entering the duct during hydropenia
Fluid Sodium
Group
Stage I 79.7 94.7
Stage II 82.7 93.7
Stage III 62.4 72.3
Stage-Ill control 81.6 93.6
Significance of differencesa
11:1 NS NS
111:11 <0.01 <0.01
111:111-control <0.01 <0.01
111:1 <0.01 <0.01
a Based on comparison of slopes of regression lines.
The increase in tubular fluid osmolality along the
duct was not significantly altered in the stage-ITT
kidney.
Paired collecting duct samples, obtained in ran-
dom order, were available from near the beginning
(approximately 90% of the measured length) and
from near the papillary tip (end duct, approximately
25% of the length) of the same duct system in each
experimental group (Table 7). The distance between
sample sites was from 3.5 to 7.4 mm. The results
confirm the conclusions reached from linear regres-
sion analysis of the entire group of samples. Frac-
tional sodium and water reabsorption in paired sam-
ples along the duct were similar in stage-I and stage-
II animals during hydropenia. In stage II, the frac-
tion of filtered water remaining at the beginning of
the duct was higher (TF!P1, 53.4 vs. 87.3, P <
0.05), and the sodium concentration was lower (TF/
PNa, 0.46 vs. 0.75, P < 0.05).
In stage-Ill animals, sodium and water reabsorp-
tion along the duct were less complete during hy-
dropenia compared to any of the three other groups
(Table 7, end duct TF/PNa/Ifl, 0.70 in stage III vs.
0.22, 0.23, or 0.29 in stage I, II, or stage-Ill con-
trols, P < 0.05, and end duct TF/P1, 59.4 V5. 207.9,
165.0, or 199.0, P < 0.01). The fraction of filtered
potassium remaining at the beginning of the medul-
lary collecting duct was again much higher in stage-
III animals (Table 7, TF/PKfl, 52.3% in hydropenia,
P <0.01, compared to stage I, II, or stage-Ill con-
trols), and no change in the fraction of filtered potas-
sium remaining along the collecting duct was de-
tected using paired samples in hydropenia in any of
the four experimental groups.
Absolute tubular loads of fluid, sodium, and po-
tassium during hydropenia and after volume expan-
sion were calculated using average filtration rates
for the experimental kidney, plasma concentra-
tions, and fractional reabsorption data from the
paired samples (Table 7). The results are shown in
Table 8. In the stage-IT remnant kidney during hy-
dropenia, absolute fluid reabsorption was not dif-
ferent from stage I, whereas sodium reabsorption
was significantly decreased along with a marked de-
crease in tubular load. Delivery of water was similar
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Table 7. Tubular fluid to plasma inulin concentration ratio, fraction of filtered sodium and potassium remaining, and tubular fluid
osmolality in paired samples from the same collecting duct systema
TF
B
/P1
E
TF
B
/PNa
B
TF/PNa
B
X 100
E
TF/PKSfl
B
X 100
E B
TFosm
E
% Length
B E
A. During hydropenia
Stage l(N = 10) 87.3 207.9° 0.75 Ø•37h 1.07 0.22° 10.2 10.3 572 779° 87 30
Stage II (N = 8) 53.4 165.0° 0.46 0.31 1.01 0.23cr 12.2 16.4 421 699° 90 21
Stage 111 (N = Il) 29.3 59.4° 0.42 0.34 1.61 Ø70b 52.3 51.2 556 772 93 25
Stage-Ill control (N = 12) 59.7 I99.0 0.82 0.44k 1.65 0.29° 12.4 10.6 498 896' 91 25
D(fferences between stages
11:1 <0.05 NS < 0.05 NS NS NS N5 NS <0.05 NS
111:11 <0.01 <0.01 NS NS NS <0.05 <0.01 <0.01 <0.05 N5
111:111-control 0.01 <0.01 <0.01 NS NS <0.05 <0.01 <0.01 NS NS
111:1 0.01 <0.01 <0.01 NS NS <0.05 <0.01 <0.01 NS NS
B. After volume expansion
Stage I (N = 10) 14.8° 19.6° 0.74 0.79° 5.42° 5.27° 32.4° 26.8° 300° 20
Stage H (N 12) 15.5°
1.4
18.5° 0.77° 0.76° 5.40° 5.20° 59.8° 393e 395 412° 88 18
Stage III (N = 9) 12.2°
1.5
12.3°
1.1
0.72° 0.89° 6.76° 7.80e 705d 724d 395e 464bc 92 22
Stage-Illcontrol (N = 14) 18.3° 0.84° 0.85° 5.07° 4ØØb,e 36.3° 37.2° 363° 434h.e 21
Differences between stages
11:1 NS NS NS NS NS NS NS NS NS NS
111:11 <0.05 <0.01 NS NS NS <0.05 <0.01 <0.01 NS NS
111:111-control NS <0.01 NS NS NS <0.01 <0.01 <0.01 NS NS
111:1 NS <0.01 NS NS NS <0.05 <0.01 <0.01 <0.05 NS
a Abbreviations are defined in Table 4. B is beginning medullary collecting duct (CD); E is end medullary CD.bc P < 0.05, <0.01 or less, respectively, comparing beginning and end collecting duct samples.
d.c P < 0.05, <0.01 or less, respectively, comparing parameters after saline load with hydropenia.
in stage III and in stage-Ill control (12.1 and 11 .5 ,uJI
minJlOO g body weight, Table 8), whereas reabsorp-
tion was decreased in stage III but was not signifi-
cantly different (5.3 and 6.4 p.l). Absolute sodium
reabsorption was significantly decreased in the
stage-Ill kidney compared to stage-Ill control (415
vs. 1183 nEq/minll00 g body wt, P <0.05), whereas
the load delivered was also decreased (722 vs. 1426
nEq). Delivery of sodium was comparable in stage
III and stage 1(722 and 709 nEq/minIlOO g body wt)
and absolute reabsorption was decreased in stage
III, but the difference was not statistically signifi-
cant (415 and 561 in stages III and I). Changes in
absolute sodium reabsorption in stage III were
therefore in the same direction as changes in frac-
tional reabsorption but did not achieve statistical
significance, probably because of the compounding
of variability inherent in the data used for the calcu-
lation of absolute reabsorption rates. Thus, the re-
sults do not clearly establish the presence of an ab-
normality in absolute reabsorption which is inde-
pendent of the delivered load in the collecting ducts
of the remnant kidney with uremia.
Collecting duct function in the remnant kidney
during volume expansion. In each of the four exper-
imental groups, 36 to 41 collecting duct samples
were obtained by microcatheterization from the
same animals after volume expansion of 6 to 9%
body weight with isotonic sodium chloride solution.
The results of all the samples during volume expan-
sion are shown in the right hand panels of Figs. 1
through 4 with the calculated r values and signifi-
cance in Table 4. The fraction of filtered sodium re-
maining along the collecting duct did not change in
any of the four groups, stage I and stage-Ill controls
or stage-Il and stage-Ill remnant kidneys, in-
dicating inhibition of fractional sodium reabsorption
during volume expansion. Similarly, the fraction of
filtered fluid remaining did not change significantly
along the collecting duct in stage I, II, or stage-Ill
controls, and reabsorption was decreased in stage
III from 62% of the load presented in hydropenia to
32% of the load presented after volume expansion
(Table 5).
The fraction of filtered fluid and sodium entering
the collecting ducts, calculated as the intratubular
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Table 8. Absolute tubular loads at the beginning (B), at the end (E), and reabsorbed (ii) in the collecting duct during hydropenia and after
volume expansion
Hydropenia Volume expansion
B E B E
Fluid, pJIminIIOO g BW/exper. kidney
Stage I 6.3 0.77 2.9
Stage II 4.3 1.1 1.2
Stage III 12.1 1.1 6.9
Stage-Ill control 11.5 1.3 5.1
Sodium, nEq/min/l0O g BW/exper. kidney
Stage I 709 129 147
Stage II 271 7P' 58
Stage III 722 151''' 307
Stage-Ill control 1426 273 243
Potassium, nEq/min/lO0 g BW/exper. kidney
Stage I 222 38 246
Stage II 142 51 101
Stage III 752 739
Stage-Ill control 300 53 367
0.6
0.1
0.8
0.9
43
18
50
45
51
24
84''
97
3.4 0.8
3.1 l.Oc
5.3 l.2
6.4 l.0
561 138
212 71b
415 l7fi
1183 264'
NS
NS
NS
NS
40.1
13.6
28.3
43.5
4113
1482
2960
4940
536
301
948
948
4.5
1.3
2.8
4.6
50
149
352
406
58
38
80
83
37.3
14.0
27.0
32.2
3892
1509
3424
3912
634
474
916
934
7.0
2.8
2.3
3.6
730
301
266
457
70
113
67
59
11.2
1028
NS
NS
NS
455
NS
NS
NS
429h
NS
NS
NS
NS
uCalculated from GFR, plasma levels, and fractional reabsorption from the paired collecting duct samples (Table 7). = amount
reabsorbed (beginning-end). All values are means 1 SEM.
" P <0.05, <0.01, respectively, for significance of amount of reabsorption; NS is for no significant reabsorption (P >0.05), begin-
fling vs. end of duct. All values during volume expansion were significantly greater than they were during hydropenia, P <0.05 or less.
P < 0.05, stage II vs. I.
P <0.05, stage III vs. II.
f,g P < 0.05, <0.01, stage III vs. stage-Ill control.
average of samples along the duct, since there was
no significant regression line, was increased in all
groups compared to hydropenia and was similar in
stage I and stage-Ill controls and stage-TI remnant
kidneys (Table 5). The fraction of filtered fluid and
sodium delivered to the ducts was higher in stage-
III remnant kidneys, the difference in sodium deliv-
ery achieving statistical significance.
The fraction of filtered potassium at the beginning
of the medullary collecting ducts was increased in
all groups after volume expansion, when compared
to hydropenia, and remained at a much higher level
in the stage-Ill remnant kidney (69.6% compared to
30.6, 33.4, and 37.3% in stages I and II, and stage-
III controls, P < 0.01, Table 5). There was no sig-
nificant change in the fraction of potassium remain-
ing along the ducts, that is, no detectable slope to
the regression lines (Figs. 1 through 4) except in the
stage-Il remnant kidney where significant potas-
sium entry was detected after saline loading (Fig. 3
and Table 5). There was a significant increase in the
solute concentration along the collecting duct dur-
ing volume expansion in all groups except stage-TI
remnant kidney, although the increase was much
less than that observed during hydropenia (Figs. 1
through 4).
Paired collecting duct samples also were obtained
in all groups during volume expansion and essen-
tially confirmed the findings of the larger number of
random samples. The fraction of filtered water, so-
dium, and potassium entering the ducts was in-
creased, and there was no significant change detect-
ed between samples at the beginning and end of the
duct (Table 7B). The only exception was stage-Ill
controls, where decreased but significant water and
sodium reabsorption were detected. The fraction of
filtered water, sodium, and potassium remaining at
the end of the collecting duct was higher in stage-Ill
remnant kidneys than it was in all other groups
(Table 7B).
Absolute tubular loads of water, sodium, and po-
tassium during volume expansion, calculated as for
hydropenia, are shown in Table 8. The loads of fluid
and sodium were considerably higher in all groups
than they were during hydropenia but were lower in
stage-lI and stage-Ill remnant kidneys in proportion
to the decrease in GFR when compared to stage I
and stage-Ill controls. As indicated by the paired
samples, no significant reabsorption was detected at
these high tubular loads, except in stage-Ill controls
where significant reabsorption was observed.
Discussion
The adaptive increase in the fractional excretion
of electrolytes and water which accompanies pro-
gressive reduction in nephron mass is of great inter-
est. Previous results suggest that an increase in
GFR per functioning nephron [10-12], or inhibition
of fractional reabsorption of sodium in the proximal
tubule [13-15], or both were of paramount impor-
tance. Recently, however, both of these changes
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have been found in the stage-Ill remnant kidney re-
gardless of the urinary excretion of sodium and the
requirements of sodium balance [5], implying that
the control of sodium excretion in the remnant kid-
ney was determined at more distal sites in the neph-
ron. Control of potassium excretion in the remnant
kidney has been localized to the collecting duct in a
study using micropuncture of surface nephrons [6],
but conflicting evidence is available [16]. The effect
of volume expansion on collecting duct function in
the remnant kidney is unknown. The present study
was designed to examine directly the role of the
medullary collecting ducts of the remnant kidney in
the regulation of sodium, potassium, and water ex-
cretion during hydropenia and after volume expan-
sion.
The technique of collecting duct (CD) micro-
catheterization developed by Jarausch and Ullrich
[8] and modified by Sonnenberg [1, 2] was suitable
to study the role of this nephron segment in the reg-
ulation of electrolyte excretion by the remnant kid-
ney. This technique has the advantages of allowing
study of a long portion of the collecting duct (3 to 7
mm), of sampling both central and surface ducts, of
keeping the papilla bathed with urine, and of allow-
ing renal function to be determined in the same kid-
ney from which CD samples are obtained. In addi-
tion, a large number of samples can be obtained to
allow linear regression analysis, as well as a number
of samples suitable for paired analysis.
The results of the current study indicate that in
the stage-Il remnant kidney there was mild impair-
ment of concentrating ability which was associated
with an increased fraction of filtered water entering
the collecting duct. Other evidence [7] suggests that
there may be decreased fluid reabsorption in the
loop of Henle or proximal tubule of the stage-Il
remnant kidney. There was no difference in the han-
dling of sodium, potassium, or water along the med-
ullary collecting ducts of the stage-Il remnant kid-
ney compared to normal stage-i controls, (Table 5,
Figs. 1 and 2). The fraction of both filtered sodium
and water entering the ducts which was absorbed
along the ducts was normal (Table 6), whereas the
absolute amount reabsorbed was decreased in par-
allel with the decrease in filtration rate and decrease
in absolute delivery to the collecting ducts (Table
8).
After volume expansion in stage-Il rats, there
was increased fractional and absolute delivery of
water and sodium to the medullary collecting duct,
and no reabsorption was detected along the ducts
(Fig. 2, Tables 5 and 7), the result being a marked
increase in urinary excretion. Thus, the collecting
ducts in the remnant kidney contribute in an impor-
tant fashion to the natriuresis seen after volume ex-
pansion, but the degree of natriuresis is determined
in more proximal nephron segments. No difference
in the collecting duct response to volume expansion
was seen between stage-I normal and stage-Il rem-
nant kidneys. Gutmann and Reiselbach [15] have
described a disproportionately greater natriuresis
from the diseased kidney of the dog after volume
expansion. In their studies, however, a much larger
saline load was given, and the degree of reduction in
nephron mass was considerably more severe, both
of which would be expected to result in greater
changes in fractional sodium excretion.
The finding of inhibition of medullary collecting
duct fluid and sodium reabsorption in the normal
kidney (stage I) after saline loading with com-
parable loads [1] has been reported previously,
whereas more massive saline loading has revealed
secretion of sodium into the medullary CD [2]. In
the present study, linear regression analysis showed
no significant reabsorption in either stage I or II
(Figs. 1—2, Table 4), and paired samples were con-
firmatory (Table 7). These findings appear to con-
flict with the observation of continued reabsorption
by micropuncture in the papillary collecting duct
[17, 18]. The fact, however, that the terminal 1 to 2
mm of surface ducts are studied by papillary micro-
puncture, rather than 3 to 7 mm of both surface
ducts and ducts located more centrally in the pa-
pilla, as well as the other differences in methodolo-
gy, probably accounts for these apparent dif-
ferences in collecting duct function.
Mild uremia, produced by reduction in nephron
mass to 30% of normal total GFR (stage iii), was
associated with distinct changes in potassium, so-
dium, and water excretion. Increased fractional ex-
cretion of potassium was a striking change in the
stage-Ill kidney during hydropenia and after vol-
ume expansion. Increased fractional excretion of
potassium was due to a marked increase in fraction-
al delivery to the medullary collecting duct, with no
significant change in the fraction of filtered potas-
sium remaining along the ducts being detected (Fig.
3, Tables 4 and 5). Absolute delivery of potassium
to the collecting ducts was also increased in the
stage-Ill kidney (Table 8). Acute volume expansion
caused further inhibition of potassium reabsorption
proximal to the medullary CD but did not alter po-
tassium handling in this nephron segment. Paired
collecting duct samples (Table 7) gave similar re-
sults to data analyzed by regression analysis. Since
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these are the first direct studies of potassium han-
dling in the collecting duct of the remnant kidney in
uremia, the results modify and extend the con-
clusions reached by others using micropuncture of
surface distal tubules [6, 16]. Bank and Aynedjian
[6] found potassium reabsorption until the end of
the surface distal tubule in animals with three-
fourths nephrectomy and marked potassium entry
between this point in the nephron and the final
urine, but Kunau and Whinnery [16] observed suf-
ficient potassium secretion in the surface distal con-
voluted tubule of the stage-Ill remnant kidney to
account for urinary potassium excretion. Thus, the
site of potassium entry into the distal nephron of the
remnant kidney in uremia remains in doubt, but our
results clearly indicate that it occurs before the
medullary collecting ducts, possibly in the cortical
collecting ducts or distal tubule of juxtamedullary
nephrons, if not in surface distal tubules.
The cause of the increased fractional potassium
excretion in the stage-Ill remnant kidney is un-
known, but previous studies [19] have shown that
the marked increase in potassium excretion in
stage-Ill kidneys occurred within 18 hours of con-
tralateral nephrectomy and was independent of
changes in mineralocorticoid hormone secretion,
sodium excretion, or GFR. Circulating kaliuretic
factors of undefined type were suggested as a pos-
sible explanation. Recent crosscirculation experi-
ments indicate the presence of potent kaliuretic fac-
tors, including urea, in acute uremia in the rat (Wil-
son, Can J Physiol Pharmacol, in press). Inter-
estingly, the present study indicates that the ka-
liuretic effect of uremia is exerted proximal to the
medullary CD, whereas at least part of the natri-
uretic effect appears to act on the medullary duct.
Sodium reabsorption has been studied in the
stage-Ill remnant rat kidney with micropuncture of
surface nephrons [4-6], and the results suggested
that the increased fractional excretion of sodium in
uremia was determined in the distal portion of the
nephron. Our findings indicate for the first time that
the medullary collecting duct is an important site of
regulation of sodium excretion in uremia. The frac-
tion of filtered sodium remaining at the beginning of
the medullary CD in the stage-Ill remnant kidney
during hydropenia was unchanged compared to
stage—Ill controls (with paired data, Table 7) or was
even slightly lower (by regression analysis, Table
5), but reabsorption along the duct was reduced, re-
sulting in an increased fraction of filtered sodium
remaining at the papillary end of the CD (Tables 5
and 7, Figs. 3 and 4) and increased fractional excre-
tion (Table 3). Fractional delivery of water to the
medullary CD was higher in the stage-Ill kidney, as
shown by the significantly lower TF/P1 (Tables 5
and 7). In addition, medullary CD water reabsorp-
tion as a fraction of the entering load was decreased
(Table 6), contributing to the diminished water
reabsorption observed in the final urine of hydro-
penic stage—I!! rats (U/P inulin, Table 3).
Volume expansion by isotonic saline infusion re-
sulted in a more marked decrease in fractional reab-
sorption of sodium and water proximal to the med-
ullary CD of stage-Ill kidneys compared to stage I
and stage—Ill control or stage II, resulting in in-
creased fractional delivery to the ducts. No signifi-
cant sodium reabsorption was detected in the med-
ullary CD of stage—Ill kidneys by linear regression
analysis (Fig. 3) or by paired data (Table 7), and
thus the fraction of filtered sodium and water re-
maining at the papillary end of the CD was signifi-
cantly higher (Tables 5 and 7). The greater fraction-
al excretion of sodium after volume expansion in
the stage-Ill remnant kidney appeared to result pri-
marily from decreased reabsorption proximal to the
medullary CD, since inhibition of reabsorption in
the duct was observed in all groups. Studies in the
remnant kidney of the dog [7] have shown de-
creased reabsorption in the loop of Henle after vol-
ume expansion.
The cause of the decreased fractional reabsorp-
tion of sodium and water in the medullary CD of the
stage-Ill remnant kidney during hydropenia has not
been determined. Decreased fractional sodium
reabsorption does not appear to be due entirely to
increased delivery to the collecting ducts, since it
occurred in the presence of absolute delivery to the
ducts, which was considerably less than stage—Ill
controls and similar to stage I. Increased delivery of
urea to the beginning of the medullary CD could be
responsible for the decreased water reabsorption
(TF/P1) observed at this point and could act as an
osmotic diuretic in the duct. Although tubular fluid
osmolality at the beginning of the medullary CD
was higher in stage III compared to stage II, it was
not significantly different, however, from that in
stage I or stage—Ill control (Table 7). Direct studies
of urea handling in the remnant kidney are required
to further examine this hypothesis.
Another possible explanation for the altered CD
handling of sodium and water in uremia is the nat-
riuretic activity which has been extracted from the
serum and urine of uremic man [20, 21]. Cross-
circulation studies in rats 48 hours after reduction in
nephron mass have also demonstrated circulating
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natriuretic activity in vivo [22]. Urea [23, 24] and
hippurate-like substances [25] may contribute to
this natriuretic activity, but the existence of other
factors appears probable. Although earlier studies
suggest that uremic natriuretic activity inhibited
proximal fractional reabsorption [26], recent work
has described inhibition of sodium reabsorption in
the isolated perfused cortical collecting duct by a
serum fraction from uremic man [27]. The finding of
decreased fractional reabsorption in the medullary
CD of stage-Ill kidneys during hydropenia could be
explained by the presence of similar substances in
the uremic rat.
The present studies do not establish the presence
of an abnormality in absolute reabsorptive capacity
which is independent of the delivered load in the
collecting ducts of the uremic animal with a stage—
III remnant kidney. Absolute reabsorption and the
delivered load of sodium were decreased in the
medullary CD of stage-Ill kidneys compared to
stage—Ill controls, but the difference in sodium
reabsorption between stage III and I was not statis-
tically significant. When absolute reabsorption rates
and loads were used to estimate fractional reabsorp-
tion of sodium and water, however, there was a de-
crease in fractional reabsorption in the CD of the
stage-Ill kidneys with uremia, as was demonstrated
more significantly from the slopes of the regression
lines and paired samples (Tables 6 and 7). Further
studies in which absolute reabsorption was mea-
sured while delivery rate was varied in the stage—Ill
remnant kidney would be necessary to clearly docu-
ment changes in absolute reabsorptive capacity of
the collecting ducts in uremia.
In a recent review of the renal response to pro-
gressive nephron loss, Bricker, Bourgoignie, and
Weber [28] postulated that the collecting ducts may
eliminate marked differences in individual nephron
function (nephron functional heterogeneity) by the
process of multiple nephrons with a similar range of
distal deliveries draining into a single collecting
duct. The present study provides evidence to sup-
port this hypothesis. The wide range of individual
nephron filtration rates and distal deliveries, rang-
ing from increased [4, 5] to absent, which may be
assumed to be present in the nephrons of the rem-
nant kidney, was eliminated by the beginning of the
medullary collecting duct and became similar to
normal. This conclusion is based on the finding that
there was no greater variation of delivery rates
among collecting ducts in stage-Ill or stage—lI rem-
nant kidneys compared to stage I or stage-Ill con-
trols, as indicated by the similar standard deviations
of 50 to 60% of the mean value for calculated tubu-
lar loads at the beginning of the duct in all groups
(Table 8). Thus, the strategic terminal location of
the collecting ducts does appear to be important in
eliminating differences in individual nephron func-
tion in the remnant kidney.
In summary, medullary CD function in the rem-
nant kidney with a normal contralateral kidney
(stage II) was similar to normal (stage I) in hydro-
penia, with diminished urine concentration associ-
ated with increased fluid delivery to the ducts. After
the induction of mild uremia by contralateral ne-
phrectomy (stage III), there was a marked increase
in fractional potassium excretion which was attrib-
utable to decreased reabsorption or increased se-
cretion at site(s) proximal to the medullary CD. The
increased excretion of sodium and water in stage III
was associated with decreased fractional reabsorp-
tion in the medullary CD, which therefore appears
to be important in modulation of sodium balance by
the diseased kidney during hydropenia. Isotonic sa-
line infusion caused similar inhibition of reabsorp-
tion in the medullary CD of both remnant and nor-
mal kidneys, demonstrating the importance of the
collecting ducts in the homeostatic response to vol-
ume expansion. The more marked increase in frac-
tional sodium excretion in the stage-Ill kidney was
determined by a greater decrease in reabsorption
proximal to the medullary collecting duct.
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